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This evaluation provides a complete representation of the
nuclear data needed for transport, damage, heating,
radioactivity, and shielding applications over the incident
neutron energy range from 1.OE-11 to 150 MeV.

The evaluation utilizes MF = 3 [MT=2 and MT=5] and MF=6 [MT=2
and MT.5] to represent aI.1 reaction data. Production cross
sections and emission spectra are given for neutrons, protons,
deuterons, tritons, alpha particles, gamma rays, and all

residual nuclides produced with non-negligible cross sections
(AsS) in the reaction chains. To summarize, the ENDF sections
with non-zero data are:
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MT=
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2
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Integral of nuclear plus interference components
of the elastic scattering cross section

Sum of binary (n,n’) and (n,x) reactions

Elastic angular distributions given as ratios of
the differential nuclear-plus-interference to the
integrated value.

Production cross sections and enerqy-anqle
distributions for emission neutron~~ pr~tons,
deuterons, and alphas; and angle-integrated
spectra for gamma rays and residual nuclei that

are stable against particle emission

The evaluation is based on nuclear model calculations that
have been benchmarked to experimental data, especially for n +
Pb and p + Pb208 reactions (Ch96a) . We use the GNASH code system
(Y092) , which utilizes Hauser-Feshbach statistical, preequi-
librium and direct-reaction theories. Coupled-channel and
spherical optical model calculations are used to obtain particle
transmission coefficients for the Hauser-Feshbach calculations,
as well as for the elastic neutron angular distributions.

Cross sections and spectra for producing individual residual
nuclei are included for reactions that exceed a cross section of
approximately 1 nb at any energy. The energy-angle-correlations
for all outgoing particles are based on Kalbach systematic
(Ka88) .
A model was developed to calculate the energy distributions of

all recoil nuclei in the GNASH calculations (Ch96b) . The recoil
energy distributions are represented in the laboratory system in
MT=5, MF=6, and are given as isotropic in the lab system. Note
that all other data in MT.5,MF=6 are given in the center-of-mass
system. This method o-f representation requires a modification of
the original ENDF-6 format.

Preequilibrium corrections were performed in the course of the
GNASH calculations using the exciton model of Kalbach (Ka77,
Ka85), validated by comparison with calculations using Feshbach,
Ke rman, Koonin (FKK) theory [Ch93] . Discrete level data from
nuclear data sheets were matched to continuum level densities



using the formulation of Ignatyuk (Ig75) and pairing and shell
parameters from the Cook (C067) analysis. Neutron and charged-
particle transmission coefficients were obtained from the ~
optical potentials, as discussed below. Gamma-ray transmission
coefficients were calculated using the Kopecky-Uhl model (K090) .

MT=2 elastic’ scattering data in MF=3 and MF=6 are based on
optical model calculations with the SCAT2 code (Be92) . We have
made use of the Ilnuclear-plus-interference” option ‘n ‘F=6~

which corresponds to LAW=5, LTP=12, and the appropriate
integrated cross section is stored in MF=3. Note that because
of the interference effect, the tabulations in both MF=6 and
MF=3 can be negative at some energies and angles.
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82208 = TARGET 1000Z+A (if A.O then elemental)
1001 = PROJECTILE 1000z+A
Nonelastic, elastic, and Production cross sections for A<5 .sjectiles in barns:
Energy nonelas elastic neutron proton deuteron triton helium3 alpha gasslla

““,
4.000E+OO 1.000E-20 0.000E+OO 1.000E-20 l.000E-20” 0.000E+00””0. 000E+OO 0.000E+OO’ 1.000E-20 1.000E-20
.5.000E+OO 5.166E-04 0.000E+OO 5.158E-04 2.465E-12 0.000E+OO 0.000E+OO 0.000E+OO 1.284E-08 8.949E-04
6.000E+OO 1.524E-03 0.000E+OO 1.523E-03 3.953E-10 0.000E+OO 0.000E+OO 0.000E+OO 5.591E-08 3.351E-03
7.000E+OO 1.104E-O2 O.OOOE+OO 1.103E-O2 6.529E-08 0.000E+OO 0.000E+OO 0.000E+OO 3.641E-07 2.642E-02
8.000E+OO 3.672E-02 0.000E+OO 3.669E-02 9.051E-07 9.421E-09 0.000E+OO 0.000E+OO 2.424E-06 1.006E-01
9.000E+OO 9.41OE-O2 0.000E+OO 9.399E-02 9.304E-06 7.514E-09 1.246E-08 0.000E+OO 1.059E-05 2.771E-01
1.000E+O1 2.107E-O1 0.000E+OO 2.104E-O1 4.407E-05 1.457E-07 2.O1lE-08 0.000E+OO 3.351E-05 6.537E-01
1.1OOE+O1 3.644E-01 0.000E+OO 3.760E-,01 2.313E-04 9.218E-07 1.321E-07 0.000E+OO 8.482E-05 1.145E+O0
1.200E+01 5.192E-01 0.000E+OO 7.088E-01 7.670E-04 4.212E-06 4.759E-07 0.000E+OO 1.690E-04 1.112E+O0
1.300E+01 6.749E-01 0.000E+OO 1.134E+O0 1.934E-03 3.271E-05 1.912E-06 0.000E+OO 2.676E-04 9.686E-01
1.400E+01 8.304E-01 0.000E+OO 1.524E+O0 4.448E-03 1.717E-04 9.843E-06 0.000E+OO 3.901E-04 1.137E+O0
1.500E+01 9.732E-01 0.000E+OO 1.846E+O0 8.542E-03 6.048E-04 4.289E-05 0.000E+OO 5.675E-04 1.549E+O0
1.600E+01 1.097E+O0 0.000E+OO 2.101E+OO 1.464E-02 1.440E-03 1.367E-04 0.000E+OO 8.297E-04 2.101E+OO
1.700E+01 1.211E+O0 0.000E+OO 2.317E+O0 2.279E-02 2,.814E-03 3.281E-04 0.000E+OO 1.197E-03 2.724E+O0
1.800E+01 1.312E+O0 0.000E+OO 2.499E+O0 3.278E-02 4.656E-03 6.381E-04 0.000E+OO 1.659E-03 3.367E+O0
1.900E+01 1.403E+O0 0.000E+OO 2.657E+O0 4.446E-02 6.899E-03 1.052E-03 0.000E+OO 2.207E-03 4.014E+O0
2.000E+O1 1.485E+O0 0.000E+OO 2.833E+O0 6.005E-02 9.353E-03 1.496E-03 0.000E+OO 2.799E-03 4.509E+O0
2.200E+01 1.619E+O0 0.000E+OO 3.550E+O0 9.015?3-02 1.497E-02 2.607E-03 0.000E+OO 4.058E-03 4.528E+O0
2.400E+01 1.724E+O0 0.000E+OO 4.216E+O0 1.237E-01 2.105E-O2 3.780E-03 0.000E+OO 5.235E-03 4.450E+O0
2.600E+01 1.809E+O0 0.000E+OO 4.585E+O0 1.589E-01 2.708E-02 4.933E-03 0.000E+OO 6.365E-03 5.156E+O0
2.800E+01 1.881E+O0 0.000E+OO 4.795E+O0 2.049E-01 3.31OE-O2 5.990E-03 0.000E+OO 7.430E-03 6.1OOE+OO
3.000E+O1 1.939E+O0 0.000E+OO 5.094E+O0 2.572E-01 3.906E-02 6.927E-03 0.000E+OO 8.409E-03 6.464E+O0
3.500E+01 2.033E+O0 0.000E+OO 5.945E+O0 4.120E-01 5.298E-02 8.600E-03 0.000E+OO 1.035E-02 6.711E+O0
4.000E+O1 2.081E+O0 0.000E+OO 6.172E+O0 5.836E-01 6.51OE-O2 9.616E-03 0.000E+OO 1.182E-02 8.066E+O0
4.500E+01 2.091E+O0 0.000E+OO 6.634E+O0 7.003E-01 7.304E-02 1.021E-02 0.000E+OO 1.301E-02 7.999E+O0
5.000E+O1 2.071E+O0 0.000E+OO 6.820E+O0 8.005E-01 7.918E-02 1.053E-02 0.000E+OO 1.394E-02 8.283E+O0
5.500E+01 2.023E+O0 0.000E+OO 6.946E+O0 8.774E-01 8.379E-02 1.067E-02 0.000E+OO 1.462E-02 8.082E+O0
6.000E+O1 2.008E+O0 0.000E+OO 7.168E+O0 9.512E-01 8.805E-02 1.074E-02 0.000E+OO 1.545E-02 8.286E+O0
6.500E+01 1.991E+O0 0.000E+OO 7.388E+O0 1.014E+O0 9.153E-02 1.072E-02 0.000E+OO 1.625E-02 8.489E+O0
7.000E+O1 1.973E+O0 0.000E+OO 7.511E+O0 1.070E+O0 9.478E-02 1.064E-02 0.000E+OO 1.704E-02 7.724E+O0
7,500E+01 1.954E+O0 0.000E+OO 7.689E+O0 1.120E+O0 9.761E-02 1.056E-02 0.000E+OO 1.781E-02 7.829E+O0
8.000E+O1 1.934E+O0 0.000E+OO 7.870E+O0 1.162E+O0 1.000E-01 1.051E-02 0.000E+OO 1.860E-02 7.763E+O0
8.500E+01 1.911E+O0 0.000E+OO 8.008E+O0 1.200E+O0 1.013E-01 1.042E-02 0.000E+OO 1.937E-02 7.637E+O0
9.000E+O1 1.888E+O0 0.000E+OO 8.127E+O0 1.233E+O0 1.026E-01 1.032E-02 0.000E+OO 2.012E-02 7.605E+O0
9.500E+01 1.865E+O0 0.000E+OO 8.254E+O0 1.259E+O0 1.034E-01 1.023E-02 0.000E+OO 2.103E-O2 7.525E+O0
1.000E+02 1.842E+O0 0.000E+OO 8.440E+O0 1.271E+O0 1.031E-01 1.020E-02 0.000E+OO 2.244E-02 7.398E+O0
1.1OOE+O2 1.798E+O0 0.000E+OO 8.784E+O0 1.291E+O0 1.019E-01 1.033E-02 0.000E+OO 2.613E-02 7.317E+O0
1.200E+02 1.759E+O0 0.000E+OO 9.098E+O0 1.307E+O0 1.002E-01 1.072E-02 0.000E+OO 3.101E-O2 7.304E+O0
1.300E+02 1.728E+O0 0.000E+OO 9.395E+O0 1.324E+O0 9.81OE-O2 1.139E-02 0.000E+OO 4.311E-02 7.221E+O0
1.400E+02 1.704E+O0 0.000E+OO 9.694E+O0 1.347E+O0 9.461E-02 1.231E-02 0.000E+OO 7.809E-02 7.193E+O0
1.500E+02 1.688E+O0 0.000E+OO 1.000E+O1 1.373E+O0 9.256E-02 1.349E-02 0.000E+OO 1.069E-01 7.175E+O0

82208 = TARGET 1000Z+A (if A.O then elemental)
1001 = PROJECTILE 1000z+A
Aver. lab emission energies for A<5 ejectiles in MeV:
Energy neutron proton deuteron triton helium3 alpha gamma

4.000E+OO 1.867E-01 5.009E-02 0.000E+OO 0.000E+OO 0.000E+OO 1.031E+01 1.219E+O0
.5.000E+OO 7.598E-01 2.241E+O0 0.000E+OO 0.000E+OO 0.000E+OO 1.074E+01 3.665E-01
6.000E+OO 1.227E+O0 3.237E+O0 0.000E+OO 0.000E+OO 0.000E+OO 1.169E+01 5.171E-01
7.000E+OO 1.624E+O0 4.227E+O0 0.000E+OO 0.000E+OO 0.000E+OO 1.264E+01 7.246E-01
8.000E+OO 1.831E+O0 5.060E+O0 2.735E+O0 0.000E+OO O.OOOE+OO 1.373E+01 9.227E-01
9.000E+OO 1.984E+O0 5.607E+O0 3.727E+O0 3.220E+O0 0.000E+OO 1.453E+01 1.131E+O0
1.000E+O1 2.059E+O0 6.437E+O0 4.594E+O0 4.201E+O0 0.000E+OO 1.479E+01 1.373E+O0
1.1OOE+O1 1.940E+O0 7.225E+O0 5.312E+O0 4.856E+O0 0.000E+OO 1.520E+01 1.616E+O0
1.200E+01 1.563E+O0 7.818E+O0 6.312E+O0 5.247E+O0 0.000E+OO 1.608E+01 1.707E+O0
1.300E+01 1.456E+O0 8.812E+O0 7.308E+O0 6.285E+O0 0.000E+OO 1.708E+01 1.509E+O0
1.400E+01 1.529E+O0 9.760E+O0 8.224E+O0 7.270E+O0 0.000E+OO 1.786E+01 1.228E+O0
1.500E+01 1.651E+O0 1.056E+01 9.073E+O0 8.102E+OO 0.000E+OO 1.849E+01 1.169E+O0
1.600E+01 1.778E+O0 1.123E+01 9.857E+O0 8.813E+O0 0.000E+OO 1.906E+01 1.242E+O0
1.700E+01 1.882E+O0 1.188E+01 1.063E+01 9.456E+O0 0.000E+OO 1.957E+01 1.339E+O0
1.800E+01 1.969E+O0 1.252E+01 1.131E+01 1.009E+01 0.000E+OO 2.004E+01 1.459E+O0
1.900E+01 2.031E+O0 1.313E+01 1.203E+01 1.073E+01 0.000E+OO 2.048E+01 1.591E+O0
2.000E+O1 2.046E+O0 1.375E+01 1.264E+01 1.134E+01 0.000E+OO 2.086E+01 1.639E+O0
2.200E+01 1.943E+O0 1.487E+01 1.404E+01 1.247E+01 0.000E+OO 2.185E+01 1.428E+O0
2.400E+01 2.004E+O0 1.596E+01 1.540E+01 1.354E+01 0.000E+OO 2.289E+01 1.115E+O0
2.600E+01 2.144E+O0 1.682E+01 1.673E+01 1.457E+01 0.000E+OO 2.382E+01 1.093E+O0
2.800E+01 2.290E+O0 1.771E+01 1.803E+01 1.557E+01 0.000E+OO 2.466E+01 1.225E+O0

3.000E+O1 2.384E+O0 1.856E+01 1.932E+01 1.657E+01 0.000E+OO 2.548E+01 1.296E+O0
3.500E+01 2.654E+O0 2.077E+01 2.252E+01 1.887E+01 0.000E+OO 2.756E+01 1.147E+O0
4.000E+O1 3.101E+OO 2.309E+01 2.575E+01 2.l12E+01 0.000E+OO 2.944E+01 1.203E+O0
4.500E+01 3.357E+O0 2.546E+01 2.896E+01 2.336E+01 0.000E+OO 3.113E+01 1.145E+O0
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5.000E+O1 3.662E+O0 2.786E+01 3.213E+01 2.557E+01 0.000E+OO 3.268E+01 1.147E+O0
5.500E+01 3.927E+O0 3.024E+01 3.525E+01 2.775E+01 0.000E+OO 3.41OE+O1 1.156E+O0
6.000E+O1 4.188E+O0 3.242E+01 3.830E+01 2.984E+01 0.000E+OO 3.530E+01 1.149E+O0
6.500E+01 4.436E+O0 3.447E+01 4.132E+01 3.185E+01 0.000E+OO 3.632E+01 1.136E+O0
7.000E+O1 4.714E+O0 3.663E+01 4.441E+01 3.373E+01 0.000E+OO 3.711E+01 1.262E+O0
7.500E+01 4.957E+O0 3.862E+01 4.750E+01 3.554E+01 0.000E+OO 3.772E+01 1.260E+O0
8.000E+O1 5.192E+O0 4.046E+01 5.048?5+01 3.727E+01 0.000E+OO 3.817E+01 1.254E+O0
8.500E+01 5.418E+O0 4.245E+01 5.334E+01 3.889E+01 0.000E+OO 3.838E+01 1.253E+O0
9.000E+O1 5.641E+O0 4.443E+01 5.630E+01 4.039E+01 0.000E+OO 3.846E+01 1.257E+O0
9.500E+01 5.845E+O0 4.641E+01 5.924E+01 4.168E+01 0.000E+OO 3.825E+01 1.262E+O0
1.000E+02 5.988E+O0 4.836E+01 6.21OE+O1 4.238E+01 0.000E+OO 3.746E+01 1.270E+O0
1.1OOE+O2 6.273E+O0 5.217E+01 6.769E+01 4.280E+01 0.000E+OO 3.544E+01 1.280E+O0
1.200E+02 6.563E+O0 5.603E+01 7.299E+01 4.203E+01 0.000E+OO 3.315E+01 1.269E+O0
1.300E+02 6.860E+O0 5.982E+01 7.796E+01 4.031E+01 0.000E+OO 2.765E+01 1.270E+O0
1.400E+02 7.167E+O0 6.348E+01 8.196E+01 3.802E+01 0.000E+OO 1.935E+01 1.272E+O0
1.500E+02 7.474E+O0 6.705E+01 8.636E+01 3.549E+01 0.000E+OO 1.697E+01 1.274E+O0



p+ 208Pbnonelastic and production cross sections

10:

104

103

102

10’

103

102

10’

I I I I I I I I I I I i I I I

. . . . . . . . . . . . ● ✎ ✎ ✎

✎ ✎ ✎ ✎ ✎ ✎ ✎ ✎ ✎ ✎ ✎ ✎ ✎ ✎ ✎ ✎ ✎ ✎ ✎ ✎ ✎ ✎ ✎ ✎ ✎ ✎ ✎ ✎ ✎

✎

✎ ✎

✎

✎

✎

1
.-.“ ———— ———— -

----.
.
. /-
.
. /.
.
. /
.
.-. /
.

/

-----
. ------- ------- :.-G/@e

. ../

/ ,.’O /..e””..-●.a ..-

/:

., -..0..-””-
.- *.-

.0 ------ -------- -------- ------ .0 .-”

I ; ,.><;-’-=”
/ py”...IlllmI I I I I 1 I I i I I I I

10° 1, I I 1 I I I I I I I I I I I I

o 50 100 150
Incident Energy (Mev)



p+ 208Pbangle-integrated emission spectra



p +208Pb Kalbach preequilibrium ratios
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